OBJECTIVES: Pneumothorax is the most common complication after the Nuss procedure for pectus excavatum. The majority of pneumothoraces are small, and the patients have no symptoms. The aim of this study was to evaluate the necessity for routine chest X-ray immediately after surgery.
INTRODUCTION
The minimally invasive technique for repair of pectus excavatum (PE), the Nuss procedure, has been in use for >15 years. The reason for its popularity lies in the excellent results in the majority of patients and the small scars [1, 2] . The most common indication for PE surgery is cosmetic appearance, although we have demonstrated improvement in cardiopulmonary exercise function after surgery [3] [4] [5] .
Pneumothorax is reported in up to 59% after minimally invasive PE operations [6] [7] [8] . It is a consequence of the introduction of the scope and bar in the pleural space and is considered a minor complication [9] . It is routine to obtain a chest X-ray either in the operating room at the end of thoracic surgery or in the recovery unit immediately after surgery. The majority of the pneumothoraces are small and resolve spontaneously within 24 h [10] . The radiation risk from an X-ray is a concern, particularly in growing children, and the aim of this study was to determine whether the chest X-ray immediately after PE surgery could be avoided.
MATERIALS AND METHODS
In this retrospective study, all patients underwent surgery for PE at Aarhus University Hospital. The modified minimally invasive method for repair (MIRPE) with short bars and video-assisted thoracoscopic surgery unilaterally on the right side of the chest wall was used in all patients [11] . At the end of the operation, air was exsufflated from the thoracic cavity through a small tube drain under water seal, while the anaesthesiologist handventilated the patient (Fig. 1) . All procedures were performed by the same surgeon, and the operation technique remained the same throughout the study period.
Group I
A total of 644 patients were operated on between September 2001 and October 2009. A chest X-ray was obtained as a standard procedure after surgery. Six were excluded. One was excluded due to missing data, and five because they left the operating room with a chest tube and hence needed a chest X-ray. Group I therefore consisted of 638 patients, where 545 were males (85%). Ages ranged from 7 to 48 years, with a median age of 16 years and 69% being <18 years of age.
In 2010, we stopped performing routine postoperative chest X-rays in the majority of the cases, and the practice of routine chest X-rays was banned from clinical protocols in January 2011.
Group II
We evaluated the effect of the change in routine chest X-ray policy in the time period between 1st January 2011 and 9th October 2012. Of 294 patients operated on for PE, 1 patient received a chest tube due to a large pneumothorax and increasing subcutaneous emphysema. Group II consisted of 88% male with a median age of 16 (range 11-54 years).
All data were reviewed and collected from hospital records. The patients in Groups I and II did not differ in any way except for the number of chest X-rays taken and the number of patients with pneumothorax treated with chest tubes. Chest X-rays taken immediately after the Nuss procedure (Group I) and at discharge were analysed for the presence of pneumothorax. The American guidelines were used for sizing the pneumothorax, which is the distance from the apex of the lung to the cupula [12] . The need for any extra control visits after discharge due to pneumothorax was also evaluated.
All data were entered into a Microsoft Excel ® Database. Statistical analysis was performed using Stat/IC version 11 (StataCorp., LP, College Station, TX, USA).
RESULTS
In Group I, pneumothorax (median 0.7, range 0.1-6 cm) was found on the chest X-ray postoperatively in 333 patients (52%). Fifteen (4.5%) patients with pneumothorax (median 3, range 2-6 cm) were treated with chest tubes. Eight of them had no symptoms, and 7 had respiratory symptoms.
At the time of discharge, 4 patients of those who were treated with chest tubes still had a minimal pneumothorax, and 3 needed extra control visits after discharge. At the routine visit, 6 weeks after surgery, the pneumothorax had resolved in all 4 patients.
During the early phase (2001-04), 189 were operated on and 10 received tube drainage. In the last period (2005-09), 449 patients were operated on and 5 were treated with a chest tube. In patients with a conservatively treated pneumothorax (n = 318), the majority resolved spontaneously (Figs 2-4) . A minimal and clinically unimportant pneumothorax was detected in 146 patients at the time of discharge. Six patients had an extra chest X-ray. All pneumothoraces were resolved at the 6-week follow-up (Table 1 ). There was no significant difference in postoperative pneumothorax regarding age, gender or numbers of ORIGINAL ARTICLE bars (relative risk (RR) = 0.88; 95% confidence interval, CI: 0.7-1.1). There was no gender difference with respect to receiving a chest tube (RR 2.6; 95% CI: 0.4-17.5). The median hospitalization time was 5 (range 2-29 days).
In Group II, 27 patients had an extra chest X-ray taken after surgery due to various symptoms. Only 1 had a large pneumothorax and progression in subcutaneous emphysema and needed tube drainage for that reason ( Table 2 ). The mean hospitalization time was 3 (range 1-7 days).
No patients had any pulmonary complications at the 6-week follow-up regardless of chest tube drainage in either Group I or Group II.
DISCUSSION
A small residual pneumothorax was found in half the patients after the Nuss procedure, which is in accordance with former studies, where frequencies from 40 to 59% have been reported [4, 8, 13] . The majority of the patients with a pneumothorax who received treatment with tube drainage were operated on during the early years of our experience (2001-05), where it was the standard practice to treat a pneumothorax >2 cm with chest tube drainage at our department. The study population consisted primarily of children or adolescents who were healthy and with no pulmonary morbidity and a normal pleura. The pneumothorax developed because of the manipulation of the interpleural space and not because of damage to the lung parenchyma during surgery. Without persistent air leakage, we therefore expect the pneumothorax to resolve spontaneously. The majority of pneumothoraces after PE surgery need no treatment and will disappear within 24 h even if they have a considerable size [4, 8, 10, 13, 14] . The reabsorption rate of air is between 1.25 and 2.2% of the total lung volume every 24 h [12] . With oxygen supplementation, there is a 4-fold increase in the rate of reabsorption. Over the years, we have become less inclined to treat pneumothorax after pectus surgery because our experience is that the air will be absorbed quickly and cause no symptoms. Since 2010 we have not used chest X-ray routinely immediately after PE surgery. The institutional procedure for the treatment of pneumothorax in Group II was chest-tube treatment if the patient had any subjective symptoms. This was regardless of the size of pneumothorax and the saturation. We have not used any standardized guidelines, but emphasized the evaluation of the patient clinically before treating the pneumothorax with a chest tube. Chest X-ray after PE surgery is primarily indicated to secure correct placement of the bar(s).
After similar thoracic surgery in otherwise healthy young people, pneumothorax is considered a minor complication, and a chest X-ray is only recommended when symptoms occur [15] . Prasad et al. reported that, after endoscopic sympathectomy, a chest X-ray was only necessary in the case of respiratory symptoms. In their study, only 11 of 322 patients had respiratory symptoms needing a chest X-ray. Of these, only 1 had a pneumothorax, which resolved spontaneously [16] . Similarly, chest X-ray following mediastinal drain removal after cardiac surgery is only indicated if the patient has respiratory or haemodynamic problems [17, 18] .
Minimizing excessive X-ray radiation in a young, otherwise healthy person, is always preferable. The amount of radiation received with a chest X-ray is 0.06 mS. This dose is equivalent to the background radiation received during everyday life over the period of 2 days [19] . With rising health-care costs, it is also important to evaluate the routine diagnostic tests with regard to their efficacy and usefulness. Besides reduced radiation and cost, the patient is spared from rooming from one examination to another, and the time can be used to focus on pain management and recovering after surgery instead of undergoing chest X-ray. The median hospitalization time differs between Group I and Group II. During the study period, postoperative care has evolved regarding pain treatment, mobilization and optimizing routines, and the decrease in hospitalization cannot entirely be ascribed to the reduced number of chest X-rays or chest tubes placed.
In conclusion, we do not recommend a chest X-ray immediately after MIRPE. A chest X-ray is only indicated if respiratory difficulties or subcutaneous emphysema appear. Routine chest X-ray may be limited to the time of discharge.
